Background: We report our findings in two siblings with late-onset cone-rod dystrophy (CRD) with no visible macular degeneration. Cases and methods: Case 1 was an 82-year-old man who first noticed a decrease in vision and color blindness in his early seventies. His mother and younger sister also had visual disturbances. His decimal visual acuity was 0.3 in the right eye and 0.2 in the left eye. Ophthalmoscopy showed normal fundi, and fluorescein angiography was also normal in both eyes. The photopic single flash and flicker eletroretinograms (ERGs) were severely attenuated and the scotopic ERGs were slightly reduced in both eyes. Case 2 was the 80-year-old younger sister of Case 1. She first noticed a decline in vision and photophobia in both eyes in her early seventies. Her decimal visual acuity was 0.4 in the right eye and 0.2 in the left eye. Ophthalmoscopy showed mottling of the retinal pigment epithelium in the midperiphery with no visible macular degeneration. The photopic single flash and flicker ERGs were severely attenuated, and the scotopic ERGs were slightly reduced in both eyes. Conclusion: These siblings are the oldest reported cases of CRD with no visible macular degeneration. Thus, CRD should be considered in patients with reduced visual acuity, color blindness, and photophobia even if they are older than 70 years.
Introduction
Cone-rod dystrophy (CRD) is an inherited retinal dystrophy that is characterized by reduced visual acuity, color blindness, and photophobia. [1] [2] [3] The age of onset generally ranges from the teens to the thirties, 2, 3 and most patients with CRD have atrophic macular degeneration with a bull's eye lesion, or midperipheral degeneration in the late stages of the disease. 2, 3 Patients with CRD can also have a central scotoma, and constriction of the peripheral visual fields at the end stages of the disease. 2, 3 The conedriven electroretinograms (ERGs) are attenuated even in the early stages, and this reduction is essential for making a diagnosis of CRD. 2, 3 Cases of atypical CRD, such as CRD with normal fundi, [4] [5] [6] [7] occult macular dystrophy (OMD; Miyake disease), [8] [9] [10] [11] peripheral cone dystrophy, [12] [13] [14] [15] fundus albipunctatus associated with cone dystrophy, 16, 17 and cone dystrophy with supernormal rod ERGs 18, 19 have also been reported. We present the clinical features of two siblings with CRD who had only mild fundus abnormalities. Their mother was also known to have visual difficulties, but was already dead at the time the two siblings were examined. 
Cases and methods
Our two cases were siblings who underwent ophthalmoscopy, visual acuity measurements, fundus fluorescein angiography (FA), Goldmann kinetic perimetry, Farnsworth D-15 test, Goldmann-Weekers dark adaptometry, full-field ERGs, multifocal ERGs (mfERGs), and optical coherence tomography (OCT). OCT images recorded from 24 age-matched normal subjects served as controls.
The ERGs and mfERGs were recorded according to the protocol recommended by the International Society for Clinical Electrophysiology of Vision. The mfERGs were recorded with the VERIS™ recording system (ElectroDiagnostic Imaging, Inc, Redwood, CA, USA). A Cirrus™ high-definition spectral-domain OCT instrument (Carl Zeiss Meditec AG, Jena, Germany) was used to obtain the OCT images.
Case reports
Case 1 was an 82-year-old man who first noticed a decrease in his vision and color vision in both eyes in his early seventies.
His decimal best-corrected visual acuity (BCVA) at our initial examination was 0.3 oculus dexter (OD) with +3.25 diopters (D) and 0.2 oculus sinister (OS) with +3.25 D. His pupillary light reflexes and intraocular pressures were normal in both eyes. There was no history of the use of retinotoxic drugs. His cataracts were removed in both eyes at age 75; however, his vision was not improved.
Ophthalmoscopy showed that the fundus was normal in both eyes, and FA showed small hyperfluorescent spots at the parafoveal region of the left eye (Figure 1 ). Goldmann kinetic perimetry showed a central scotoma in both eyes (Figure 2) , and Farnsworth D-15 test showed a tritan axis error. Goldmann-Weekers dark adaptometry revealed a slight elevation of the threshold in both eyes (Figure 3) . The fullfield scotopic ERGs elicited by both low-and high-intensity stimuli were slightly reduced. The scotopic b-wave elicited by a high-intensity stimulus was smaller than the a-wave, resulting in a negative-type ERG (Figure 4 
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siblings with cone-rod dystrophy nonrecordable in the central area, but small responses were recorded in the midperiphery ( Figure 5 ). The photoreceptor inner segment/outer segment junction line was indistinct in the OCT images ( Figure 6 ). The thickness of the outer nuclear layer was 76 µm OD and 65 µm OS (normal mean 172 ± 17 µm) at the fovea, 65 µm OD and 43 µm OS (normal mean 128 ± 19 µm) at 0.5 mm superior to the fovea, and 65 µm OD and 54 µm OS (normal mean 135 ± 23 µm) at 0.5 mm inferior to the fovea. At 2 mm superior to the fovea, the thickness of the outer nuclear layer was 65 µm OD and 43 µm OS (normal mean 97 ± 13 µm), and at 2 mm inferior to the fovea it was 43 µm OD and 54 µm OS (normal 
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sakuramoto et al mean 88 ± 18 µm). Thus, the outer nuclear layer was thin, especially in the parafoveal region in both eyes ( Figure 6 ). The thickness of the middle and inner layers of the retina were within normal limits. Case 2 was the younger sister of case 1. She was 80 years old and had first noticed a decrease in her vision and photophobia in both eyes in her early seventies. Her cataract was removed in both eyes at age 76; however, her vision was not improved.
Our examination showed that her decimal BCVA was 0.4 OD with +0.25 D and 0.2 OS with +0.5 D. Her pupillary light reflexes and intraocular pressures were normal in both eyes. There was no history of retinotoxic drug use.
Her fundus was normal except for a slight mottling of the retinal pigment epithelium in the midperiphery. No macular degeneration was seen in either eye (Figure 1 ). FA was not performed because of her allergy to fluorescein sodium. Goldmann kinetic perimetry revealed a central scotoma in the left eye and a mild constriction of the visual fields in both eyes ( Figure 2 ). Farnsworth D-15 test showed tritan axis errors in both eyes. Goldmann-Weekers dark adaptometry showed a slight elevation of the light threshold in both eyes (Figure 3) . The full-field scotopic ERGs elicited by low-intensity stimuli were slightly reduced, and the scotopic high-intensity ERGs were normal, except the oscillatory potentials were reduced. The photopic single-flash and 30 Hz flicker ERGs were nonrecordable in both eyes (Figure 4) . The mfERGs were nonrecordable in the right eye and reduced in the central and midperipheral areas of the left eye ( Figure 5 ). OCT showed similar findings to her elder brother in the macular area ( Figure 6 ). The photoreceptor inner segment/outer segment junction line was indistinct. The thickness of the outer nuclear layer was 130 µm OD and 129 µm OS (normal mean 172 ± 17 µm) at the fovea, 43 µm OD and 65 µm OS (normal mean 128 ± 19 µm) at 0.5 mm superior to the fovea, and 32 µm OD and 22 µm OS (normal mean 135 ± 23 µm) at 0.5 mm inferior to the fovea. At 2 mm superior to the fovea, the thickness of the outer nuclear layer was 65 µm OD and 76 µm OS (normal mean 97 ± 13 µm), and at 2 mm inferior to the fovea it was 65 µm OD and 43 µm OS (normal mean 88 ± 18 µm). Thus, the outer nuclear layer was thin, especially in the parafoveal region of both eyes ( Figure 6 ).
Discussion
These two high-aged siblings, both in their eighties, had severely attenuated cone ERGs and mfERGs, and there was no evidence of visible macular abnormality. Case 1 had small hyperfluorescent spots in the fluorescein angiograms, and case 2 had mottling in the midperipheral fundus. Goldmann kinetic perimetry showed a central scotoma and reduced sensitivity in the area surrounding the scotoma in both patients. The mfERGs were nonrecordable in the foveal area, and only very small responses were recorded in the midperiphery; these findings are consistent with results of the Goldmann kinetic perimetry. We reviewed 497 CRD cases in 181 papers. Among these, 86 eyes in 43 patients in 20 papers were reported to have either normal fundus or only subtle fundus abnormalities ( Figure 7) . [4] [5] [6] [7] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The vision of these cases is summarized in Figure 7 , and the findings suggested that the vision in CRD cases with normal fundi is better than that in CRD cases with retinal/macular degeneration. Thirty-eight of 86 eyes (44%) with CRD and normal fundi had visual acuity better than 0.5, whereas 169 eyes of 908 eyes (19%) with retinal/macular degeneration had visual acuity better than 0.5. Sixty-two of 86 eyes (72%) of the CRD cases with normal or subtle fundus abnormalities [4] [5] [6] [7] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] had a family member with visible retinal degeneration, except the cases noted in studies by Ohba, 4 Rowe et al, 5 Miyake, 6 and Hayashi et al. 7 Ohba 4 reported on four CRD cases with normal fundi at ages 22 years, 23 years, 41 years, and 45 years. The patients' decimal BCVAs ranged from 0.1 to 0.07 in both eyes, and all were sporadic cases. 4 Rowe et al 5 reported four cases that were all sporadic and their ages were 55 years, 56 years, 60 years, and 68 years. Their decimal BCVAs ranged from 0.5 to 0.1 in both eyes. 5 Miyake 6 reported three cases of CRD with normal fundi from the same family whose ages were 32 years, 35 years, and 66 years. Their BCVAs were not reported. A sporadic, 53-yearold CRD case with normal fundi reported by Hayashi et al 7 had BCVAs of 0.1 OD and 0.7 OS. CRD cases with normal fundi and no family history of retinal degeneration have a late onset, with an average age of 46 years and an average BCVA of 0.24. In comparison, the CRD cases with retinal or macular degeneration had an average age at onset of 23 years and the average BCVA was 0.09. The two siblings in our study had a very late onset with a positive family history and normal fundi. Their BCVAs after cataract removal ranged from 0.4 to 0.2 in both eyes, which are beyond the normal range reported, 36 and are comparable to the CRD cases with normal fundi and no family history of retinal degeneration. [4] [5] [6] [7] OMD is a kind of cone dystrophy with a normal fundus appearance. [8] [9] [10] [11] Recently, a point mutation was found in the RP1L1 gene in patients with autosomal-dominant OMD. 10 The ERG findings on our siblings are different from these cases of OMD because of the almost nonrecordable full-field cone response in our cases, which is due to diffuse cone dysfunction in these cases.
Peripheral cone dystrophy (or peripheral cone disease) is another kind of cone dystrophy that is characterized by cone dysfunction in the midperiphery to the periphery. [12] [13] [14] [15] All of the past cases were reported as peripheral cone dystrophy and all had normal fundi. The gene mutation causing this cone dystrophy has not been identified. The results of mfERGs in our two cases were different from past cases of peripheral cone dystrophy because the mfERGs from the macula were nonrecordable. However, the two siblings in our study were probably at an advanced stage of the peripheral cone dystrophy because their outer nuclear layer at the fovea was well preserved compared with that of patients with cone dystrophy and a bull's eye lesion ( Figure 6 suggested that these varied phenotypes in patients with the CRX-gene mutations were due to deletion or point mutations in the gene. Deletion mutations in this gene would result in late-onset and mild CRD. 39 Our cases are similar to CRD cases with mutations in the CRX gene.
Swain et al 38 and Itabashi et al 40 reported CRD cases caused by a CRX gene mutation that had negative ERGs. Case 1 in our study had a reduced b-wave in the high-intensity ERGs that resembled the ERGs reported by Swain et al 38 and Itabashi et al. 40 Mutations in other genes such as the GUCY2D gene, 26, 27, 32 KCNV2 gene 30, 31, 34 and CNGB3 gene 28 have also been reported to cause CRD with normal fundi; however, these patients were relatively young and some had supernormal rod responses, unlike our cases.
We investigated the gene in the siblings presented in our study using next-generation sequencing. However, detection of the causative mutation in these siblings was difficult because most of their family members, including their parents, were already deceased.
In summary, we report our findings in two siblings with late-onset CRD. Ophthalmoscopy showed that the macula was essentially normal in both cases. The scotopic ERGs were slightly reduced, but the photopic ERGs were nonrecordable. We recommended that older patients, .45 years of age, who had good vision earlier in their lives but had developed reduced vision, color vision abnormalities, and photophobia be examined by electroretinography to rule out CRD.
